gical excision has resulted in cure of the disease with disappearance of cyanosis and clubbing when the lesion or lesions are localized to one or two segments of a lung. The complications resulting from pulmonary arteriovenous fistulas, if untreated, include the following:
1. Rupture with massive hemorrhage.2 3 2. Cardiac decompensation.4 3. Cerebral thrombosis secondary to polycythemia.4 5 4. Cerebral emboli due to passage of emboli from the periphery through the fistulas.5 5. Brain abscess or meningoencephalitis, presumably secondary to septic emboli.5' 6 6. Impairment of cerebral function from chronic anoxemia.7 8 Cyanosis, polycythemia, and clubbing of the digits are found in patients in whom the pulmonary arteriovenous communications are of sufficient size or number to produce these findings. It is estimated that 5 Gm. of reduced hemoglobin per 100 ml. of blood or a right-to-left shunt of 20 per cent of the systemic cardiac output are necessary for cyanosis to be apparent clinically.4' 9 The presenee of even minimal shunting of venous blood into From the Department of Medicine and Cardiopulmonary Laboratory, University of Missouri Medical Center, Columbia, Missouri.
CirculaLtion. Volume XXV, Februariy 1.962 the arterial circuit, however, can be demonstrated by determination of arterial oxygen saturation after inhalation of 100 per cent oxygen for 20 to 30 minutes. Under these circumstances the arterial oxygen saturation is invariably below the normal level of 100 per cent + 1.5 vol. per cent dissolved in plasma.
Although the number of reported cases of pulmonary arteriovenous fistula now approxiinates 400,5 10 a very small number of these are of the multiple minute type involving all five lobes of the lungs. In a recent review in which 350 reported cases of pulmonary arteriovenous fistulas are summarized, only five eases are of this type.'1 Two cases have since been added. 10 The lesions are often suspected from clinical data, but the diagnosis is frequently difficult to prove even with chest x-rays and angiocardiography. Cardiac catheterization has not been of benefit except to rule out associated cardiac lesions that might contribute to the patient's eyanosis. In the ease reported here, however, the presence of a congenital heart lesion (atrial septal defect) allowed the diagnosis to be established with reasonable certainty by cardiac catheterization.
Case Report A 16-year-old white girl was admitted to the University of Missouri Medical Center on May 30, 1960, for evaluation of eyanosis and dyspnea on exertion.
The patient was born prematurely after one uncomplicated 7-month pregnancy. Her mother noted that the patient's skin and mucous membranes were "blue" shortly after birth. During childhood there was a slight but definite progression in the evanosis. There was a history of squatting. Childhood illnesses included measles, mumps, whooping cough, and ehickenpox. There were no complications. At the age of 9 years it was believed that she was definitely mentally retarded and for this reason she did not attend school past the fifth grade. At the age of 12 years cardiac studies including right heart cathe-SANDERS, I\lARTTI' ture of the disease and the probability that these communications were from pulmonary artery to pulmonary vein are suggested by the appearance of the lungs on the angiocardiogram. A somewhat similar appearance has occasionally been reported in the past in cases of multiple pulmonary arteriovenous fistulas.1', 12 The patient's history is somewhat unusual for the diagnosis of pulmonary arteriovenous fistulas in that she had been eyanotic since infancy. Congenital pulmonary vascular communications may produce eyanosis early in life, although it is more common for this finding to appear in adolescence or later.4 It is thought by many observers that congenital pulmonary arteriovenous fistulas are a part of the syndrome of hereditary hemorrhagic telangeetasis (Osler-Weber-Rendu disease), even though cutaneous and mucosal manifestations of this disease may be absent or delayed in appearance. 5' 11, 13 The atrial septal defect would not appear to be a likely cause of cyanosis during childhood in this patient in view of (1) the absence of pulmonary hypertension on both catheterizations; (2) the demonstration of a left-to-right shunt at the atrial level during the first catheterization; (3) marked desaturation of the pulmonary vein on the most recent study, indicating that the right-to-left shunt occurs before the blood is returned to the left atrium. 
PULMONARY ARTERIOVENOUS FISTULAS
A second possible etiology for the syndrome of multiple small pulmonary atriovenous fistulas is chronic hepatic disease with secondary portal hypertension. There has been considerable investigation of the cardiopulmonary effects of cirrhosis of the liver in recent years, The combination of cyanosis, clubbing, and chronic hyperventilation with cirrhosis of the liver has been noted in many of these studies.'0' 14, 15 One of the early descriptions of this condition was by Evans and Sheldon in 1937. 16 The etiology of the eyanosis and clubbing in the 12-year-old patient described was not found, but it was suspected that an associated "lung lesion" accounted for the arterial oxygen desaturation. Since that time numerous cases have been described in which no obvious cause for the cyanosis has been detected. Several mechanisms have been postulated, including the following: 1. Ventilatory distribution defects due to elevation of the diaphragm secondary to ascites.'7 2. Intrinsic pulmonary disease with a diffusion defect. '7 3. A change in the hemoglobin molecule leading to a shift in the oxygen dissociation curve.'8 20 4 . Right-to left shunting of blood through portal-pulmonary venous communications21 and multiple pulmonary arteriovenous fistulas.22, 23 It has been found that in most of the patients with eyanosis, administration of 100 per cent oxygen does not result in a rise in the arterial oxygen saturation to the expected normal value (100 per cent plus 1.5 vol. per cent). This finding indicates that the eyanosis can only be due to right-to-left shunting of blood at the cardiac or pulmonary level. As cardiac anomalies leading to a shunt of this type can usually be excluded by cardiac catheterization, the presence of fistulous connection with the pulmonary venous system seems the most likely etiology. The antemortem localization of the sites of the lesions has been difficult, but both pulmonary artery-to-pulmonary vein 
